Water on the Moon |

The debate has gone back and
forth over the last 10 years as new data
are found, but measurements by Deep
Impact/EPOXI, Cassini and most
recently the Lunar Reconnaissance
Orbiter and Chandrayaan-1 are now
considered conclusive. Beneath the
shadows of polar craters, and clinging to
the lunar regolith, billions of gallons of
water are available for harvesting by
future astronauts.

The image to the left created by
the Moon Minerology Mapper (M3)
instrument onboard Chandrayaan-1,
shows deposits and sources of hydroxyl
molecules. The data has been colored
blue and superimposed on a lunar photo.

Complimentary data from the Deep Impact/EPOXI and Cassini missions of the
rest of the lunar surface also detected hydroxyl molecules covering about 25% of the
surveyed lunar surface. The hydroxyl molecule consists of one atom of oxygen and one
of hydrogen, and because water is basically a hydroxyl molecule with a second
hydrogen atom added, detecting hydroxyl on the moon is an indication that water
molecules are also present.

How much water might be present? The M3 instrument can only detect hydroxyl
molecules if they are in the top 1-millimeter of the lunar surface. The measurements also
suggest that about 1 metric ton of lunar surface has to be processed to extract 1 liter
(0.26 gallons) of water.

Problem 1 — The radius of the moon is 1,731 kilometers. How many cubic meters of
surface volume is present in a layer that is 1 millimeter thick?

Problem 2 — The density of the lunar surface (called the regolith) is about 3000

, 3 . . .
kilograms/meter . How many metric tons of regolith are found in the surface volume
calculated in Problem 1?

Problem 3 — The concentration of water is 1 liter per metric ton. How many liters of
water could be recovered from the 1 millimeter thick surface layer if 25% of the lunar
surface contains water?

Problem 4 — How many gallons could be recovered if the entire surface layer were
mined? (1 Gallon = 3.78 liters).
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Problem 1 — The radius of the moon is 1,731 kilometers. How many cubic meters of
surface volume is present in a layer that is 1 millimeter thick?

Answer: The surface area of a sphere is given by S =4xn r2 and so the volume of a
layer with a thickness of Lis V =4xn r2 L provided that L is much smaller thanr.

V = 4 x (3.141) x (1731000)° x 0.001 = 3.76 x 10" m>

Problem 2 — The density of the lunar surface (called the regolith) is about 3000
: 3 . . .

kilograms/meter . How many metric tons of regolith are found in the surface volume

calculated in Problem 1?7 Answer: 3.76 X 1010 m3 x (3000 kg/m3) X (1 ton/1000 kg) =
1.13 x 1011 metric tons.

Problem 3 — The concentration of water is 1 liter per metric ton. How many liters of
water could be recovered from the 1 millimeter thick surface layer if 25% of the surface

contains water? Answer: 1.13 x 1011 tons x (1 liter water/1 ton regolith) x 1/4 = 2.8 x
1010 liters of water.

Problem 4 — How many gallons could be recovered if the entire surface layer were
mined? (1 Gallon = 3.78 liters). Answer: 2.8 x 1010 liters x (1 gallon / 3.78 liters) = 7.5
X 109 gallons of water or about 8 billion gallons of water.

Note: This is similar to the roughly '7 billion gallon' estimate made by the M3 scientists
as described in the NASA Press Release for this discovery in September 2009.
For more information, visit:

Moon Minerology Mapper News - http://moonmineralogymapper.jpl.nasa.gov/

The front picture of the moon is from NASA's Moon Mineralogy Mapper on the Indian Space
Research Organization's Chandrayaan-1 mission. It is a three-color composite of reflected
near-infrared radiation from the sun, and illustrates the extent to which different materials are
mapped across the side of the moon that faces Earth. Small amounts of water and hydroxyl
(blue) were detected on the surface of the moon at various locations. This image illustrates
their distribution at high latitudes toward the poles. Blue shows the signature of water and
hydroxyl molecules as seen by a highly diagnostic absorption of infrared light with a
wavelength of three micrometers. Green shows the brightness of the surface as measured by
reflected infrared radiation from the sun with a wavelength of 2.4 micrometers. Red shows an
iron-bearing mineral called pyroxene, detected by absorption of 2.0-micrometer infrared light.
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